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DESCRIPTION 



METHOD AND APPARATUS FOR PRODUCING MASK 




chnical Field 



m 



The present invention relates to a producing method and 
a producing apparatus of a photomask used, for example, when 
micro devices such as semiconductor integrated circuits, 
image pickup devices (CCDs etc. ) , liquid crystal displays and 
thin film magnetic heads are produced using lithography 
technique. 



□ 

Ifj Background Art 

a 

When a device such as a semiconductor integrated circuit 
is produced, a transferring method is employed in which, using 
a photomask on which a mask pattern (original pattern) 
obtained by enlarging, four to five times for example, a 
circuit pattern to be formed, an image of the mask pattern 
is reduced and projected onto a substrate to be exposed such 
as a wafer through a reduction projection optical system. An 
exposure apparatus is used in transferring such a pattern of 
the photomask .||J^\a ph^;fet^rnask used in a step-and- repeat type 
reduction p^rp-j'^tion exposure apparatus is also called a 
reticle . 



1 



Conventionally, a reticle is^rroduced in such a manner 
that a resist is applied on a^-^edetermined substrate (mask 
blank) on which a ligh;fe^hield film is formed and then, a 
predetermined pattexn is drawn using an electron beam drawing 
apparatus or^r laset yiaieam drawing apparatus and developed, 
thereby^^rying out patterning of the resist, and the light 
shield film is etched using the remained resist pattern as 



In recent years, as an integrated circuit is becoming 
finer, it is required to further comprehensively enhance a 
resolution of a transfer image from a reticle to a wafer. 
Therefore, in the reticle itself, engineering development has 
been made to transfer a fine pattern at a high resolution and 
as a result, a phase-shift reticle is proposed as a reticle 
capable of enhancing a resolution of a transfer image to a 
wafer in Japanese Patent Publication No. 62-50811. 

According to this phase-shift reticle, a phase shifter 
for deviating a phase of transmission illumination light by 
Jt (rad) is formed in correspondence with a predetermined light 
shield pattern on the reticle. In the phase-shift reticle, 
in a portion (transmission portion) other than the light 
shield pattern on the reticle, a width of a dark line at a 
boundary between a portion where the phase shifter is not 
formed i.e. , a reference region where a phase of transmitted 



light is not varied, and a portion where the phase shifter 



wnere the phase of transmittea lil 
is deviated with respect to the transmitted light in/^he 
reference region by n (rad) is minimized by cancellation 
effect by interference of light, thereby ermancing the 
resolution. "therefore, if the phase shifjt^r is formed such 
that the boundary coincides with the/light shield pattern, 
\Q the light ^ shield pattern can Jy^^^^^^t ran sf erred at a high 

^31 resolu'tion. 

!r: 
ru 

is a problem that the region where the phase shifter is formed 
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However, in the case^of the phase- shift reticle, there 



consequentially becomes a closed region, and a boundary is 
also formed i n^a portion other than the desired region based 
on th4 design data of the circuit pattern, to adversely form 
an unnecessary dark line. As a method for removing the 
unnecessary dark line, Japanese Patent Application Laid-open 
No<4-76551, for example, proposes a method in which exposure 
/is carried out using a phase-shift reticle and then. 



iposing exposure is carried ouL usrn^--aiui^her_retj.£ile-' 
on which a pattern for removing (exposing) the unnecessary 
dark line is drawn. 

As described above, conventionally, in order to remove 
the unnecessary dark line generated by using the phase-shift 
reticle, a correction exposure reticle on which a 
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predetermined pattern is drawn is formed, and after the 
pattern is transferred at a high resolution using the 
phase-shift reticle, a superimposing exposure is carried out 
using the correction exposure reticle. 

Further, conventionally, when the phase-shift reticle 
and the correction exposure reticle are produced, two kinds 
of patterns for both the reticles are designed, and these 
patterns are respectively drawn on predetermined substrates 
separately. However, with this method for separately 
designing and drawing the two kinds of patterns, there is 
inconvenience that a time required for producing the two 
reticles is long, and the producing costs of the reticles and 
by extension the producing costs of devices are increased. • 

Further, even if the resolution at the time of reduction 
projection is enhanced, if the precision of a mask pattern 
on the reticle is low, there is an adverse possibility that 
necessary precision of the line width and the like can not 
be obtained. Therefore, it is required to form a fine mask 
pattern on a substrate with high positional precision at a 
high resolution with high line width uniformity. 

In view of the above circumstances, it is a first object 
of the present invention to provide a producing method of a 
mask capable of producing a phase-shift reticle and a 
correction exposure reticle within a short time at low cost. 



Further, it is a second object of the invention to 
provide a producing method of a mask capable of producing a 
phase-shift reticle and a correction exposure reticle with 
high precision. 

Further, it is a third object of the invention to provide 
a producing method of a mask capable of producing a correction 
exposure reticle within a short time at low cost. 

Further, it is a fourth object of the invention to 
provide a producing apparatus of a mask capable of carrying 
out the above mask producing method, and to provide a mask 
produced using the mask producing method. Further, it is 
still another object of the present invention to provide a 
producing method of a device using' the above mask producing 
method . 

Disclosure of the Invention 

A first producing method of a/mask of the present 
invention is a producing method of/ a mask for producing a 
phase-shift mask (WRl) and a cor;e4ction exposure mask {WR2) 
used when a transmission imag/ of a pattern of the phase- 
shift mask is corrected by /uperposing exposure, wherein a 
parent pattern (PAl to PCl) is formed on a first substrate 
to form a master mask (^) , the parent pattern of the master 
mask is transferred /bnto a second substrate under a first 



condition, and a predetermined phase shift^ortion { SA to SD ) 
is formed on the second substrate^/^thereby forming the 
phase-shift mask (WRl), and the aa^ent pattern of the master 
mask is transferred onto a >tnird substrate under a second 
condition which is dif f e^T^t from the first condition, thereby 
forming the correct^ton exposure mask (WR2). 

According to the mask producing method of the present 
invention, when a light shield film, for example, is formed 
on the third substrate and a positive photoresist is applied 
on the film, the second condition is set such that an amount 
of exposure is smaller than that in the first condition. If 
the parent pattern of the master mask is transferred under 
the second condition, and development, etching and the like 
are carried out, a pattern having thicker line width than that 
of a pattern formed under the first condition, i.e. , than that 
of a pattern of the phase-shift mask is formed. Therefore, 
if the pattern of the phase-shift mask is a fine periodic 
pattern, the pattern having a thick line width is a pattern 
covering the entire periodic pattern and thus, this mask can 
be used as the correction exposure mask. 

In this case, even if the second condition is set such 
that the resolution at the time of transfer is lower (the 
numerical aperture of a projection optical system is made 
smaller) than that in the first condition, since the transfer 



pattern is enlarged, the same effect can be obtained. 

When the parent pattern of the master mask is 
transferred under the second condition, it is preferable to 
defocus the third substrate with respect to an image plane 
of the projection optical system. 

Further, when the parent pattern is formed to produce 
the master mask, an electron beam drawing apparatus can be 
used for example, and when the parent pattern of the master 
mask is transferred to produce the phase- shift mask and the 
correction exposure mask, an optical projection exposure 
apparatus can be used for example. Therefore, as compared 
with a method in which two kinds of patterns are designed for 
the phase-shift mask and the correction exposure mask and 
these patterns are drawn using an electron beam drawing 
apparatus, a pattern designing time and a using time of the 
electron beam drawing apparatus are largely shortened and thus , 
it is possible to produce both the masks within a short time 
and at low cost. Especially when a plurality of sets of both 
the masks are produced, according to the present invention, 
it is only necessary to repeatedly transfer the pattern of 
the master mask and thus, a time and a cost required for 
producing the masks are largely reduced. 

At that time, it is preferable that the parent pattern 
is divided into a plurality of partial parent patterns to form 
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a plurality of master masks, and the partial parent patterns 
of the master masks are transferred while stitching screens 
with a reduced magnification of 1/a (1/a is 1/4, 1/5 or the 
like for example). With this arrangement, since a drawing 
error due to the electron beam drawing apparatus is also 
reduced to 1/a, it is possible to enhance the line width 
control precision, the positional precision and the like of 
the patterns of both the phase-shift mask and the correction 
exposure mask. 

■ffex^-r-a-s^trrynH'^roducing method of a mask of the preseSt 
invention is a producing method of a mask for prodircing a 
correction exposure mask (WR2) used when a trar^er^er image of 
a pattern of a predetermined phase- shiftxinask is corrected 
by superimposing exposure, wherein a^^rent pattern is formed 
on a first substrate (R) to produce a master mask (MR), the 
parent pattern of the maste^^ask is transferred onto a second 
substrate (R2) under a^ondition (e.g., condition of a lower 
resolution) diff^^nt from a condition under which a light 
shield patt^^ of the phase-shift mask is formed, thereby 
forminoXthe correction exposure mask. With this mask 
producing method, it is possible to produce the correction 
exgg^Aar^"'"rnask withiir'~a-- sh o.L' L Lime arid at iTow-o^asJ:-.-— 

It is preferable that the condition includes at least 
one of an exposure amount, a resolution, and focus. 
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^ext ] a producing apparatus of a mask of the/present 
invention is a producing apparatus of a mask fpt producing 
a plurality kinds of masks different fre^ one another, 
comprising a mask stage (13) which hol;t^ a master mask (MR) 
on which a parent pattern is formed, a substrate stage (8, 
9) which sequentially holds and/^sitions a plurality of mask 
substrates (Rl, R2) f or tlie masks, illumination optical 
systems (1 to 5) which/illuminates the master masks on the 
mask stage, a projec^tion optical system (PL) which transfers 
an image of the^parent pattern of the master mask onto the 
mask substrate on the substrate stage, and a control system 
(16) which/adjusts at least one of an exposure amount with 
respect /to the mask substrate and a resolution of the 
projection optical system in accordance with kinds of the mask 
to be produced. According to this mask producing apparatus 
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^f the present invention, it is possible to carry out the mask 
idia^^rn^-me^AoAs^of the- pT-eji^^^^M- — hTTTOrrrr^TTv-^ ^ 




^ ^ Next, a f irst producin 
^y^y^invention is a method for p; 
con 



g method of a/Gevice of the present 
producing/a predetermined device. 



comprising: a first step of ^drawing a parent pattern 
corresponding to a pattern a predetermined layer of the 
device onto one or a plur^ity of first substrates to form 
a master mask (MRi, Mp: 

a second step o/ transferring the parent pattern of the 
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master mask onto a second substrate^dnder a first condition 
and f orjning a predetermined phase^hif t portion on the second 
substrate, thereby forming a^hase-shift mask (WRl), a third 
step of transferring tWparent pattern of the master mask 
onto d third substr^e under a second condition which is 
different from /the first condition, thereby forming a 
correction e^c/osure mask (WR2) , and a fourth step of exposing 
in a supe;i4mposing manner the pattern of the phase-shift mask 
an<T^he pattern of the correction exposure mask on a fourth 

According to this present invention, since it is 
possible to produce the phase-shift mask and the correction 
exposure mask with high precision within a short time, a time 
required for producing the device can be shortened, and an 
advanced device having a fine pattern can be produced at low 
cost . 

The first and second masks of the invention are produced 
using the mask producing methods and the mask producing 
apparatus of the present invention, respectively, and there 
is a merit that the phase-shift mask and the correction 
exposure mask can be obtained within a short time at low cost. 
The second producing method of a device of the present 
invention includes the step for transferring the device 
pattern onto the device substrate using the mask of the present 
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invention, and an advanced device having a fine pattern can 
be produced at lower cost . 

Brief Description of the Figures in the Drawings 

^JLxaj^l XA) is a plan ^ '^j ftw 'Showing a ma Aj-f:>T - reticle MR u sed 
in one example of a preferred embodiment of the pr^^nt 
invention. Fig. 1(B) is a plan view showing a substr^e Rl on 
which light shield patterns PA2 , PB2 are formed< Fig. 1(C) is 
a plan view showing a phase-shift reticle WRl, and Fig. 1(D) 
is a plan view showing a correction eiiposure reticle WR2 . 
Fig. 2 is a view for explaining an exposure condition when the 
phase-shift reticle WRl and the/^orrect ion exposure reticle 
WR2 are produced. Fig. 3 is/& schematic constitutional view 
showing an optical projection exposure ^ apparatus for 
producing a reticle^ed in the one example of the preferred 
embodiment of^^bh,e present invention. Fig. 4 is an explanatory- 
view of^^teps of producing a set of master reticles from a 
predet,ermined circuit pattern in the preferred embociment . 
Fig. 5 is an explanatory view of steps of producing a 
semiconductor device using the set ofmagjLer rotirC^es 



Best Mode for Carrying out the Invention 

One example of a preferred embodiment of the present 
invention will be explained with reference to the drawings 
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below. In this example, the present invention is applied for 
producing a phase-shift reticle and a correction exposure 
reticle for producing a semiconductor device. 

T'lg.j.iA; shows a master reticle MR used for producing 
e phase-shift reticle and the correction exposure retire 
of the present example using an optical pro j ection exposure 
apparatus . In Fig. 1(A), the master reticle MR isr^ormed with 
a parent pattern PAl of a dense pattern compri^ng light shield 
patterns PI to P3, and T-shaped parent^^atterns PBl and PCI 
comprising isolated light shield jJatterns . These parent 
patterns PAl to PCI are obtained by enlarging, in a similarity 
manner, circuit patterns of a/3ertain layer of a semiconductor 
device which is to be filially produced. Each the parent 
pattern has a size of • p times enlarged circuit pattern of 
the semiconductor device to be finally produced if a reduction 
magnification of^ a projection exposure apparatus for 
producing a semiconductor device is defined as 1/p (1/p is 
1/4 , 1/5 or tfcie like for example ) and a reduction magnification 
of a projection exposure apparatus for producing a reticle 
is defined as 1/a (1/a is 1/4, 1/5 or the like for example). 
Aligmftent marks 22A and 22B comprising two two-dimensional 
ma:rks are formed on the master reticle MR with a predetermined 
^sitional relation with respect to the parent patterns PAl 
to^Cl . 
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ough the parent patterp^ PAl to PCI are illustrated 
in Figs.l and 2 with thjjeic line width for the sake of 
convenience, the actual pattern has a line width of on the 
order of pun. Pa;>eerns in Figs. 1(B) to (D) are, for example, 
reversed ap^reduced with respect to the pattern shown in 
Fig.l|^, but these patterns are illustrated in a normal state 
^•tti equal magnification for the sake o^~"crcmv^eiiience . 

When the master reticle MR is produced, a thin film as 
a mask material such as chromium (Cr) or molybdenum silicide 
(MoSij or the like) is formed on a light transmission substrate 
R made of silica glass (SiOJ, silica glass doped with fluorine , 
fluorite and the like, an electron beam resist is applied on 
the thin film and then, an equal-magnification image of 
patterns corresponding to the parent patterns PAl to PCI are 
drawn using an electron beam drawing apparatus. Next, the 
electron beam resist is developed and then, etching and resist 
removing operations are carried out, thereby forming the 
parent patterns PAl to PCI on the substrate R. A laser beam 
drawing apparatus can be used instead of the electron beam 
drawing apparatus . 

In this example, the parent patterns PAl to PCI of this 
master reticle MR are transferred onto the reticle substrate 
with reduced magnification 1/a using an optical projection 
exposure apparatus which will be described later, thereby 



producing the phase-shift reticle and the correction exposure 
reticle. Therefore, the drawing error by the electron beam 
drawing apparatus is reduced to 1/a, and patterns of the 
phase-shift reticle and the correction exposure reticle can 
be formed precisely. In this case, practically, an enlarged 
pattern of a circuit pattern formed on a wafer is divided into 
N-number of parent patterns (N is an integer equal to 2 or 
greater), and the parent patterns are drawn on different 
substrates to form N-number of master reticles. Reduced 
images of the parent patterns of the N-number of master 
reticles are sequentially transferred onto the substrates 
while stitching screens, thereby producing the phase-shift 
reticle and the correction exposure reticle. The number of 
divided patterns may not be the same as that of the master 
masks. For example, a plurality of divided patterns (partial 
parent patterns) may be formed on one master mask. 

Fig. 1(B) shows a light transmission substrate Rl made 
of silica glass , silica glass doped^ith fluorine , or f luorite . 
In Fig. KB) , light shield pattens PA2 to PC2 on the substrate 
Rl are formed by transf errl/ftg the parent patterns PAl to PCI 
of the master reticle M^with reduced magnification of 1/a. 
The substrate Rl mad/^of magnesium fluoride, predetermined 
quartz crystal or the like may also be used. The light shield 
patterns PA2 , P^ , PC2 are equal to p times enlarged circuit 




pattern of a semiconductor device to be finally produced. On 
the substrate Rl, alignment marks 23A and 23B comprising two 
two-dimensional marks are previously formed for positioning 
operation when superimposing exposure is carried out. The 
patterns for the alignment marks 23A and 23B may be formed 
on a portion of the parent pattern, and the alignment marks 
23A and 23B may be formed at the same time when the light shield 
patterns PA2 to PC2 are formed. 



Who n the IJ rgnt shield patterns PA2 to~PC2 are formed 
on the substrate Rl, a light shield film made of chromi; 
molybdenum silicide or the like is formed on a pattern^gion 
on a surface of the substrate Rl , and positive p^^otoresist 
is applied on the film. Then, images of the j^arent patterns 
PAl to PCI of the master reticle MR are tratisf erred at reduced 




magnification of 1/a using the optiaal projection exposure 
apparatus. At that time, in orde;r4o form the reduced images 
of the parent patterns PAl tp^Cl on the substrate Rl with 
high precision, the projection exposure is carried out with 
an appropriate amount/of exposure light using the optical 
projection exposure apparatus having sufficient resolution. 
In this exampO^, a positive resist having photosensitive 
portio^i^wh^i^h can be melted is used as the photoresist. The 
i^na^es of the parent patterns PAl to PCI are used as light 
.shield portions. When a negajU J^^e-.-Trtio^eslsr''-^^ 




photosensitive portion which rem^iriis is used, a transmission 
portion and a light shield^portion are reversed as compared 
with the positive phjo^resist. Therefore, in order to form 
the images of t^^arent patterns PAl to PCI as the light shield 
portions„/it is necessary to use a master reticle whose 
transmission portion and light shield portion are reversed 
in Fig. 1(A). ^ 

^...^Xhfi-pheiroiresist is develope^and then, fHe-61rcit lng and 




resist removing operations..-^e carried out, and the light 
shield patterns PA2;fe^PC2 are formed on the substrate Rl . 
After the ligh^^hield patterns PA2 to PC2 are formed on the 
substraj.e^l , the phase shifter is further formed, thereby 
5ducing the phase-shift reticle shown in Fig^J JXL^-^ 

In Fig. 1(C), the phase-shift reticle WRl apprises a 
ate Rl on which the light shield pat;>^rns PA2 to PC2 
are formed and phase shifters SA to SD fojrlned on the substrate 
Rl and having light transmission pji^es deviated by jt (rad). 
By forming the phase shifters SA^o SD , a width of a dark line 
on a boundary between a re^on (region where neither light 
shield pattern nor pha^ shifter is formed) where a light 
transmission phase d/S not affected on the phase-shift reticle 
WRl, and a regim/ (region where the phase shifter is formed) 
where the licyht transmission phase is shifted by n (rad) is 
minimized/by compensating effect caused by interference of 
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us, it is possible to transfer a patterrf while 
enhancing the resolution of the dark line on ^fe^ boundary 
portion. Therefore, the phase shifte;:^^ SA to SD are 
respectively formed along one of ed^^of the corresponding 
light shield pattern PA2 in th€ longitudinal direction and 
along one of edges of the^dTnear portions of the T-shaped light 
shield patterns PB^^nd PC2 in the longitudinal direction. 
Like the light^ield pattern PA2 (dense pattern) comprising 
the light^ield patterns PA21 to PA23 , when a^distance between 
the l^rght shield patterns is narrow, it is only necessary to 
^spose one phase shifter with respect to the two light shield 
■pa^-berTis PA21 and PAA 2 like the phase shi fter SA. ^ 

When the phase shifters SA to SD are formed, a 

U 

1-^ predetermined resist (photoresist or electron beam resist) 

is applied on a surface of the substrate Rl on which the light 
shield patterns PA2 to PC2 are formed and then, the substrate 
Rl is exposed such that the resist on a portion thereof where 
the phase shifter is formed is removed. Then, after the 
resist was developed, the substrate Rl is etched using the 
remained resist pattern and light shield patterns PA2 to PC2 
themselves as etching masks. With this operation, portions 
which were etched through predetermined depth become the phase 
shifters SA to SD . Instead of etching the substrate to obtain 
the phase shifter, the substrate may be coated with a phase 
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member having a predetermined index of refraction. 

The patterning of the resist on the phase shifter 
forming portion may be carried out using the electron beam 
drawing apparatus, but unlike the case in which the patterning 
is carried out with respect to a thin film made of chrome or 
the like, since there is no conductive layer covering the 
entire surface of the substrate Rl , there is an adverse 
possibility that the drawing positional precision is lowered 
by local charge up. For this reason, it is preferable to use 
an optical projection exposure apparatus to carry out the 
patterning. In this case, portions where the phase shifters 
SA to SD are formed are patterned and drawn to prepare a master 
reticle for forming the phase shifter, and an image of that 
pattern is transferred by the optical projection exposure 
apparatus . 

If reduced images of the phase- shift patterns PA2 to 
PC2 are transferred onto a semiconductor device -producing 
wafer or the like using the phase-shift reticle WRl as a first 
working reticle, it is possible to form patterns of the reduced 
light shield patterns PA2 to PC2 at high resolution. However, 
as described above , in addition to the images of the light 
shield patterns PA2 to PC2 which are patterns to be transferred, 
images of boundaries (e.g. , boundaries CI and C2) between the 
phase shifters SA to SD and the transmission region are also 
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transferred as unnecessary dark lines. 



i.cUi>uii, Tn the present example, a coj^^fection 
exposure reticle WR2 is formed. On the correctdron exposure 
reticle WR2 , light shield patterns PA3 PC3 which are 

patterns having thicker line widths the light shield 

patterns PA2 to PC2 of the phase-shd:ft reticle WRl shown in 
Fig. 1(D) are formed. The lighj^x^hield patterns PA3 to PCS 
are formed in the same maiuTer as that of the phase- shift 
patterns PA2 to PC2 of thjei^phase- shift reticle WRl. That is, 
the light shield patters PAS to PCS are formed in such a manner 
that reduced image/ of the parent patterns PAl to PCI of the 
master reticle/ MR are transferred onto a substrate R2 
(material of/the substrate R2 is the same as that of the 
substrate Rl ) formed with a light shield film on which positive 
photoresist is applied using an optical projection exposure 
apparatus. However, in this case, patterns having line 
wid;frlis thicker than those of the light shield patterns PA2 
t^ PC2 by carrying out the exposure under a condition of 
exposure amount smaller (about half for example) than that 
required for forming the light shield patterns PA2 to PC2 . 

"^•^s^^yreT--feh^-4.^.ghir-5hield patt- arn PA3 is tormfed as-a pat t er n- 
in which the entire inside and periphery of the light shield 
pattern PA2 which is the dense pattern are formed as light 
shield portions. Further, like the phase-shift reticle WRl, 



the correction exposure reticle WR2 Is also formed with 
alignment marks 24A and 24B comprising two two-dimensional 
marks with a predetermined positional relation with respect 
to the light shield patterns PA3 to PC3. 

At that time, when the alignment marks 24A and 24B are 
formed by transferring predetermined pattern like the light 
shield patterns PA3 to PC3, in order to prevent the resolution 
of the alignment marks 24A and 24B from being lowered, the 
alignment marks 24A and 24B are exposed at higher resolution 
in another exposing step different from those of the light 
shield patterns PA3 to PC3. 

The correction exposure reticle WR2 of this example can 
also be called "normal reticle" with respect to the 
phase-shift reticle. In the correction exposure reticle WR2 
as the second working reticle, portions (straight lines Dl , 
D2 and the like) thereof corresponding to portions (boundaries 
CI, C2 and the like) forming the unnecessary dark lines of 
the phase-shift reticle WRl are transmission regions. 
Therefore, the unnecessary dark lines are exposed by exposing 
in a superimposing manner (double exposing) the phase-shift 
reticle WRl and the correction exposure reticle WR2. 
Therefore, the unnecessary dark lines generated by using the 
phase-shift reticle WRl can be removed (exposed) . At that 
time, since the light shield patterns PA3 to PC3 of the 
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correction exposure reticle WR2 are slightly greater than the 
light shield patterns PA2 to PC2 of the phase-shift reticle 
WRl, even if a superimposing error is generated in some degree 
at the time of exposing in a superimposing manner, there are 
merits that the unnecessary dark lines can reliably be removed, 
and the reduced images of the light shield patterns PA2 to 
PC2 are not affected. 




A liylrt shield band 50 surrounding th^light shield 
patterns PA2 to PC2 of the phase-shift retiree WRl in Fig. 1(C) 
is a frame-like light shield pat teoprihaving a predetermined 
width like the light shield p^^ern PA21 and the like. One 
edge of the phase- shift/^D in the longitudinal direction 
closer to the light s^iield band 50 is extended to the light 
shield band 50^/ With this design, the above-described 
boundary does/hot exists on the edge of the phase shifter SD , 
the unnecessary dark line pattern is not transferred. Thus, 
in the^case of the other phase shifters SA to SC also, if the 
edgef^ are close to the light shield band 50, ends thereof may 
bj6 disposed in the light shield band 50 to reduce the 
Lar ies . 

Next, exposure conditions/^hen the phase-shift reticle 




and the correction expg^ure reticle WR2 of this example 
are produced will be explained with reference to Fig. 2. 

Fig. 2 (A) is an enlargen sectional view of the master 
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reticle MR shown in Fig. 1(A) taken a^ng a lint A-A. In 
Fig. 2(A), parent patterns PAl {l^ht shield patterns PI to 
P3) and PBl comprising ligji^ shield pattern are formed on 
a reticle substrate R. the following explanation, a short 



"A 




side direction of^ach of the light shield patterns PI to P3 
and ^hp Tre d n f ji^f i im a gps thPTr e of i s d e fin e d ac an X direction . - 



xg , z{B) shows intensity of light on the substrate Rl 
when the light shield patterns PA2 and PB2 are formed on 
substrate Rl shown in Fig. 1(B). In Fig. 2(B), the hcwr^ontal 
axis indicates a position x in the X-direc;k^n, and the 
vertical axis indicates the intensity ^crf light IM on the 
substrate Rl at the position x. An eicposure amount Eth shown 
with a dotted line is an exposuj?e amount required for melting 
the positive photoresist.^^ slice width of a light intensity 
distribution curve ylmh with the exposure amount Eth 
corresponds to a j4ne width of a pattern to be formed on the 
substrate Rly^When the light shield patterns PA2 and PB2 are 
formed on yChe substrate Rl , the exposure light amount is set 
to an ari)propriate exposure light amount, and images of the 
light shield patterns PI to P3 and the parent pattern PBl are 
)rmed using line widths XI to X4 , respectively (see 
Fig.l(B) ) . 

Fig. 2(C) shows tl^e light intensity on the substrate R2 
when the light shield patterns PA3 and PB3 are formed on the 
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substrate R2 shown in Fig. 1(D). Fig . 2 ( CK shows the light 
intensity Im in the position x in th^ X-direct ion of the 
substrate R2 . The slice width/of a light intensity 
distribution curve Imc with /the exposure amount Eth 
corresponds to a line width/of a pattern formed on the 
substrate R2 . As an exposure condition at that time, the 
exposure amount is set to/about a half of an exposure amount 
(appropriate exposure amount) when the light shield patterns 
PA2 and PB2 of the ph4se-shift reticle WRl are formed. If 
images of the parent/patterns PAl and FBI of the master reticle 
MR are transf erre<^and developed under such a condition, since 
the resolution c^f images of the light shield patterns PI to 
P3 which are dense line and space patterns is low, one light 
shield pattern PAS (see Fig. 1(D)) having a wide width X5 is 
formed. If/ an image of the T-shaped parent pattern PBl which 
is an isolated pattern is transferred, a light shield pattern 
PB3 of l^ne width X6 having a thick linear portion is formed. 
The lin'e width X6 of this light shield pattern PB3 is thicker 
than the line width X4 of the light shield pattern PB2 , and 
the Width X5 of the light shield pattern PA3 in the X-direction 
is fonger than a distance as measured from a left end of the 
imAge of the light shield pattern PI formed on the substrate 
Ri to a right end of the image of the light shield pattern 
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Here, when the light shield pattern of the correction 
exposure reticle WR2 is formed, the exposure amount is set 
smaller than the appropriate exposure amount, and the line 
width of the pattern to be formed is thickened. Alternatively, 
the light shield pattern of the correction exposure reticle 
WR2 may be formed using a projection exposure apparatus having 
a projection optical system of low resolution. In generally, 
the resolution of the projection optical system is 
proportional to a value (=X/NA) of ratio of an exposure light 
ly wavelength A to the numerical aperture NA. Therefore, when 



U 
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the light shield patterns PA3 and PB3 of the correction 
Q exposure reticle WR2 are formed, a projection optical system 

having smaller numerical aperture is used to carry out the 
exposure, thereby throwing the projected image out of focus. 
Different optical projection exposure apparatuses may be used 
for the phase-shift reticle WRl and the correction exposure 
reticle WR2 , or the same projection exposure apparatus in 
which a variable aperture stop is disposed on or in the 
vicinity of a pupil plane of the projection optical system 
may be used. Especially in the latter case, when the light 
shield pattern of the correction exposure reticle WR2 is 
formed, the numerical aperture of the projection optical 
system is reduced depending upon the variable aperture stop. 

i,.g-.,2jLDJ— ahow s th e-jrar ght intensity on t he Subs tra t e - R 2^ 
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whej x---:tfee^-'rrcrht shield patterns PAl and PBl are formed using 
a projection exposure apparatus having a proi/ection optical 
system of low resolution . Fig. 2(D) shows t^e light intensity 
Im in the position x in the X- direction/of the substrate R2 . 
The slice widths X7 and X8 of a light intensity distribution 
curve Imd are respectively equai to the, slice widths X5 and 
X6 of the light intensity ydistribut ion curve Imc at the 
exposure amount Eth in/Fig.2{C0. Using the projection 
exposure apparatus *h^ing the projection optical system of 
low res'^olution a^so , it is also possible to produce the 
correction exms^sure reticle WR2 . When the parent pattern is 
transferred/ it is also possible to bring the surface of the 
substrater R2 out from the best focus position of the projection 
optical system to throw the image out of focus. Further, 
thejse methods and a method for exposing with an exposure amount 
^^rtialr3:t Bi; Lhau Ll re- appropriat o-ea cpoaur o aiiiuuii ^fe-may-be- e u mb - iued -r— 

Assuming that the resists applied on both the reticles 
WRl and WR2 are positive resists, the exposure amount when 
the image of the pattern of the master reticle MR is exposed 
on the correction exposure reticle WR2 is set smaller than 
the exposure amount for the phase-shift reticle WRl. Thus, 
if the resists applied on both the reticles WRl and WR2 are 
negative resists, it is preferable to set the exposure amount 
for the correction exposure reticle WR2 greater than the 
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exposure amount for the phase-shift reticle WRl . 

When the correction exposure reticle WR2 is produced, 
it is possible to control a line width of a pattern to be formed 
on a substrate not only by carrying out one of the exposure 
amount control, the defocus control and the resolution ( th^ 
numerical aperture) control, but also by carrying out two or 
more controls in combination. 




xn this example, the phase-shift reticle WRl shown^ 
Fig. 1(C) and the correction exposure reticle W^^^^hown in 
Fig. 1(D) are produced by transferring tjxe^reduced images of 
patterns of the master reticle MR'shown in Fig. 1(A) onto the 
substrates respective3^<'^ One example of an optical 
pro jectiori^exp^s^uxe apparatus for producing reticles which 
can be jjs^ed at that time will be explained with reference to 
igyj^ 

Fig. 3 shows an optical projection exposure apparatus 
for producing a reticle of this example. In Fig. 3, exposure 
light (exposure light) IL emitted from an exposure light 
source 1 illuminates an aperture stop ("a stop", hereinafter) 
4 of an illumination system through a relay lens 2 and an 
optical integrator (fly-eye lens in Fig. 3) 3. A size of the 

aperture of the a stop 4 can be adjusted by a driving system 
4a. An illumination optical system control apparatus 18 
controls the light emission of the exposure light source 1 
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and a diameter of aperture of the a stop 4 under control of 
a main control system 16 which has control over the operation 
of the entire apparatus. As the exposure light IL, it is 
possible to use excimer laser light such as KrF excimer laser 
light (wavelength is 248 nm ) and ArF excimer laser light 
(wavelength is 193 nm) , laser light (wavelength is 157 nm) , 
high harmonic of YAG laser or i-line of mercury lamp 
(wavelength is 365 nm) . 

A portion of the illumination light IL passing through 
the a stop 4 is reflected by the beam splitter 6 and then, 
enters into an integrator sensor 21 comprising an 
optoelectronic detector through a light - gathering lens 20. 
A detection signal of the integrator sensor 21 is supplied 
to the illumination optical system control apparatus 18. The 
illumination optical system control apparatus 18 indirectly 
monitors illumination (pulse energy) on a surface of the 
substrate Rl of the exposure light IL and an accumulated 
exposure amount at each point on the substrate Rl by the 
detection signal. The illumination optical system control 
apparatus 18 controls the light emitting time of the exposure 
light source 1 and attenuation ratio of the exposure light 
IL by a light amount attenuator (not show) such that the 
accumulated exposure amount to be monitored or the 
illumination becomes equal to a value instructed by the main 



control system 16. If the exposure light source 1 is a pulse 
light source such as an excimer laser, the light emitting time 
is the number of light emitting pulses. To control the light 
amount (pulse energy in the case of the pulse light source) 
of the exposure light IL, the control of an output (such as 
voltage) of the exposure light source may be carried out in 
addition to the control of the light amount attenuator, or 
the light amount may be controlled only by controlling the 
output of the exposure light source. In the case of a full 
field exposure type projection exposure apparatus as in the 
present example, it is possible to directly control the 
accumulated exposure light amount. 

On the other hand, in the case of a scanning exposure 
type projection exposure apparatus, in order to control the 
accumulated exposure light amount, the illumination of the 
exposure light IL, a width (defined by a field stop) in the 
scanning direction of the Illumination region of the exposure 
light IL on the substrate Rl (R2), the scanning speed of a 
wafer and the like are controlled. When the exposure light 
source 1 is the pulse light source, an oscillation frequency 
may be controlled and illumination energy and by extension 
the accumulated exposure light amount per unit time may be 
controlled . 

The exposure light Il^passing through the beam splitter 
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6 illuminates the master reticle MR to be transferred through 
the condenser lens system 5. A patterjfT surface (lower 
surface) of the master reticle MR is fotmed with the parent 
patterns PAl to PCI shown in Fig. 1 (AT and the alignment marks 
22A and 22B. The exposure light /I L which has passed through 
the master mask MR forms an iYnage obtained by reducing the 
parent pattern with reduction magnification of 1/a (l/a,is 
1/4, 1/5 or the like) ovC the substrate Rl (or R2)^which is 
for producing the re^Cicle through the projection optical 
system PL. A variable aperture stop 7 is disposed on or in 
the vicinity of /4n optical Fourier- transform plane (pdpil 
plane) with respect to a pattern forming surface of the maes'ter 
mask MR in a/projection optical system PL, and the numeripal 
aperture NA of the projection optical system PL is defined 
by the aperture stop 7. Although the condenser lens systtem 
5 is illustrated briefly in the drawing, the actual condenser 
len^ system 5 is an optical system in which an image is once 
fdrmed therein and which has a reticle blind (field stop) on 
its image-forming surface (conjugate surface with the pattern 

^iirf^ee — — Hte— ma^-ter reticle MR^-"r-^ 

Like a common projection exposure apparatus, a 
resolution R of the projection exposure apparatus of this 
example is expressed as in the following equation using an 
exposure wavelength X. a process coefficient k and a numerical 



aperture NA on the emission side of the projection optical 
system PL: 

R=kxX/NA 

In this example, it is possible to adjust the numerical 
aperture NA and by extension the resolution R to desired values 
by adjusting the size of the aperture of the aperture stop 
7 by the main control system 16 through a driving system 7a. 
The following explanation is based on a definition that a Z 
axis is in parallel with an optical axis AX of the projection 
optical system PL, an X axis is in parallel with a paper sheet 
of Fig. 3 in a plane perpendicular to the 2 axis, and a Y axis 
is perpendicular to the paper sheet of Fig. 3. 

First, the master mask MR is held on a reticle stage 
13, the reticle stage 13 positions the master mask MR on a 
reticle base 14 within a predetermined range in X, Y and 
rotational directions. The position of the reticle stage 13 
(master mask MR) is precisely measured by a laser 
interferometer incorporated in a reticle stage driving system 
15 , and the reticle stage driving system 15 controls a position 
of the reticle stage 13 based on the position information and 
control information from a main control system 16. 

Reticle alignment microscopes ("RA microscopes" 
hereinafter) 19A and 19B ate disposed above the master mask 
MR. The positional relation between the alignment marks 22A 
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and 22B ( see Fig . 1 ) and corresponding az^edetermined reference 
marks (not shown) is measure by tii e RA microscopes 19A and 
19B, and results of the measii^^^^fent are supplied to the main 
control system 16. The ma^fi control system 16 aligns the 
master mask MR based on/the measurement results. 

The substrate Rl is absorbed and held on a substrate 
holder (not shown), the substrate holder is fixed on a Z- 
tilt state 8, and the Z-tilt stage 8 is placed on an XY stage 
9 such that the Z-tilt stage 8 can move two-dimensionally . 
The XY stage 9 positions the Z-tilt stage 8 in the X, Y and 
rotational directions by a linear motor for example. An X 
coordinate, a Y coordinate and a rotation angle of the Z- 
tilt stage 8 are measured by a moving mirror 10 fixed on an 
upper end of the Z-tilt stage 8 and by the a laser 
interferometer 11. These measured values are supplied to the 
main control system 16 and a substrate stage driving system 
12. The substrate stage driving system 12 controls the 
operation of the XY stage 9 based on the measured values and 
control information from the main control system 16. 

A driving mechanism is incorporated in the Z-tilt stage 
8 for controlling a focus position (position in a direction 
of an optical axis AX) and an inclination angle of the 
substrate Rl . The focus positions are measured at a plurality 
of measuring points on a surface of the substrate Rl by 



auto-focus sensor (not shown) . Based on the measured results , 
the Z-tilt stage 8 adjusts the focus of the surface of the 
substrate Rl with an image plane of the projection optical 
system 6 in an auto-focus manner or auto- leveling manner. At 
that time, it is also possible to defocus the surface of the 
substrate Rl by a predetermined amount. The Z-tilt stage 8 
and the XY stage 9 constitute the substrate stage. Further, 
a plurality of reference marks (not shown) for alignment are 
formed on the Z-tilt state 8, and an alignment sensor for 
alignment is disposed on a side surface of the projection 
optical system PL. 

It is also possible to expose a reduced image of the 
parent pattern of the master mask MR or other master reticle 
while stitching screens. In this case, the master reticle 
is exchanged by another reticle using a reticle loader (not 
shown) provided in the vicinity of the reticle stage 13. The 
reticle stage 13 may be constructed such that a plurality of 
master reticles can be placed on the reticle stage 13. On 
the master reticle transferred onto the reticle stage 13, 
kinds of parent pattern, conditions such as illumination 
conditions and image- forming conditions are recorded in the 
form of bar codes BC . The main control system 16 reads the 
bar codes BC through a bar code reader 17, and recognizes these 
conditions. Information such as illumination conditions 



corresponding to the conditions read from the bar code BC is 
stored as a table in a memory in the main control system 16. 
Information such as the appropriate exposure amount with 
respect to the photoresists on the substrates Rl and R2 and 
the like is also stored in the memory in the main control system 
16. Based on the information, the illumination conditions 
(a value and the like) with respect to that master mask MR, 
ifl the resolution and the exposure amount are set. 

m 

iJl Tm — t*ie — pj-uj ecti -ea — ftacpo^Lu re apparatus shown — Z±J^-*-^-r- 

although the fly-eye lens is used as the optical integrator 

(homogenizer ) 3, a rod integrator may be be used instead 

Q thereof. The projection optical system PL may any/ of 

/ 

ijl refractive system, reflect ion system and catadioptric aystem . 

□ / 

1=^. As the catadioptric projection optical system, it is^possible 

to use an optical system in which a plurality of refractive 

optical elements and two reflection optical elements (at least 

one of them is a concave mirror) are disposed on a straightly 

extending optical axis without bendict^ as disclosed in USP 

No. 5788229. As the illumination li^ht for exposure, a single 

wavelength laser in an infrared region or visible region lased 

from a DFB semiconductor laser (/r fiber laser may be amplified 

with a fiber amplifier doped/with erbium (Er) (or both erbium 

and ytterbium ( Yb ) ) , anca a harmonic whose wavelength is 

converted into ultravieJlet rays using a non-linear optical 
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crystal^^r^y be used. 

For example, if the lasing wavelength of the signal 
wavelength laser is in a range of 1.51 to 1.59 [ua, an eighth 
order harmonic having generated wavelength in a range of 189 
to 199 nm, or a tenth order harmonic having generated 
wavelength in a range of 151 to 159 nm is output. Especially 
when the lasing wavelength is in a range of 1.544 to 1.553 
\xm, an eighth order harmonic in a range of 193 to 194 nm, i.e. , 
ultraviolet rays having substantially the same wavelength as 
that of the ArF excimer laser can be obtained. If the lasing 
wavelength is set in a range of 1 . 5 7 to 1 . 58 ^m , a tenth order 
harmonic in a range of 157 to 158 nm, i.e., ultraviolet rays 
having substantially the same wavelength as that of the F2 
excimer laser can be obtained. 

Further, when the lasing wavelength is in a range of 
1.03 to 1.12 Mm, a seventh order harmonic having generated 
wavelength in a range of 147 to 160 nm is output, and especially 
when the lasing wavelength is in a range of 1.099 to 1.106 
^un, a seventh order harmonic having the generated wavelength 
in a range of 157 to 158 nm, i.e., ultraviolet rays having 
substantially the same wayelength as that of the excimer 
laser can be obtained. As a single wavelength lasing laser, 
an ytterbium doped fiber laser is used. 

As the illumination light for exposure, it is possible 



to use light in soft X-ray region (wavelength of about 5 to 
50 nm) generated from a laser plasma light source or an SOR 
( Synchrotoron Orbital Radiation) ring, for example, EUV 
(Extreme Ultraviolet) light having a wavelength of 13.4 nm 
or 11.5 nm can also be used. In the EUV exposure apparatus, 
the reduction projection optical system is a reflection system 
only comprising a plurality of (e.g. , about 3 to 6 ) reflection 
optical elements. As a master reticle on which the parent 
pattern is formed, a reflection reticle is used. 

Next, one example of entire operation when the 
phase-shift reticle and the correction exposure reticle are 
produced using the projection optical system shown in Fig. 3 
and the semiconductor device is produced using these reticles 
will be explained with reference to Figs . 4 and 5 . The 
operation for transferring patterns of a plurality of master 
reticles while stitching screens will be explained below. 

[First Step] 

Fig. 4 is an explanatory view of steps for producing a 
master reticle from a circuit pattern of a predetermined layer 
of a semiconductor device. In Fig. 4, the circuit pattern 30 
is designed. Next, a parent pattern 31 is formed on an image 
memory of a computer by enlarging the circuit pattern 30 a • 
P times. The parent pattern 31 is divided vertically and 
horizontally on the image memory to generate N-number (N=16 



in Fig. 4) of partial patterns 32-1, 32-2, 32-N. The 

partial parent patterns 32-1 to 32-N are drawn on light- 
transmission substrates respectively using an electron beam 
drawing apparatus, thereby producing N-number of master 
reticles MRi (i = l to N). At that time, each master reticle 
MRi is formed with the alignment marks 22A and 22B. 

Further, a portion of the parent pattern 31 on the image 
'S memory corresponding to the phase shifter is formed as a 

m 

'2 transmission pattern 35, thereby forming a parent pattern 33 
j^^ for the phase shifter. The parent pattern 33 is vertically 
and horizontally divided to generate N-number of partial 
p patterns 34-1, 34-4 34-N. Similarly, these partial 

IJ1 parent patterns are drawn on corresponding substrates using 

□ 

1=^ the electron beam drawing apparatus to produce N-number of 

phase shifter master reticles MPi {i = l to N) . At that time 
also, each master reticle MPi is formed with alignment marks 
36A and 36B. 

When the parent patterns 31 and 33 are divided into a 
plurality of partial parent patterns, a pattern (connected 
portion) may exist or may not exist on the boundary between 
the partial patterns. As explained above, a joint portion 
having a shape corresponding to that of the pattern may be 
formed so that the pattern (connected portion) does not exist 
on the boundary as minimum as possible and the pattern is not 
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divided through bumps and dips. 

It is unnecessary to form all of the divided partial 
parent patterns on different master reticles , and some partial 
parent patterns may be formed on the same master reticle. In 
this case, a desired partial parent pattern may be selected 
from the plurality of partial parent patterns formed on the 
one master reticle and may be transferred onto a working 
reticle substrate . 

When the parent patterns 31 and 33 are divided into the 
plurality of partial parent patterns, the area of the parent 
patterns 31 and 33 may be divided equally, but it is preferable 
to divide the mask pattern into unit circuit patterns each 
having a specific function, e.g., into IP (Intellectual 
Property) portions constituting the system LSI. That is, it 
is preferable to form unit circuit patterns such as a CPU core 
portion, a RAM portion, a ROM portion, an A/D converter, and 
a D/A converter on different master reticles, respectively. 
In this case, when working reticles for different kinds of 
system LSIs are produced, the same master reticles can be used 
for a common IP portion, and the number of master reticles 
to be produced can be reduced. Therefore, the producing cost 
of the working reticles, and by extension the producing cost 
of the system LSIs can be reduced. 

[Second Step] 




Fig. 5 is an explanatory view of steps for producing the 
semiconductor device using the above master reticle. In 
Fig. 5, first, the phase-shift reticle WRl is produced using 
the projection exposure apparatus shown in Fig. 3. That is, 
the light shield film is formed on the substrate Rl and a 
photoresist is applied on the film. Then, the substrate Rl 
is loaded onto the Z-tilt stage 8. Next, a first master 
reticle MR for -the light shield pattern is loaded onto the 
reticle stage l'3 shown in Fig. 3, alignment is carried out using 
the RA microscopes 19A and 19B and then, the first shot region 
of the substrate Rl is moved to an exposure region of the 
projectioti optical system PL by driving the XY stage 9. The 
reticle blind (not shown) in the condenser lens system 5 is 
adjusted- so that only a desired pattern on the master mask 
MRl on irhe master reticle MRl is illuminated, the exposure 
light if. illuminates the master mask MRl, and a reduced image 
32-lP Tof the illuminated partial parent pattern 32-1 is 
exposed on the substrate Rl through the projection optical 
system PL. The resolution of the projection optical system 
PL at that time is set such that an image of a light shield 
pattern having narrowest line width is sufficiently projected, 
and -the exposure amount is set to the appropriate exposure 
amount . 



Subsequently, whery an image of a pattern in a different 
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to a dif'^erent 



n on the master mask MRl is transferred 
shot region of the substrate Rl, the reticle blind ±4 adjusted 
again so that the pattern in the different region is 
illuminated, the Z-tilt stage 8 is moved in a step manner to 
move a next shot region on the substr^xe Rl to the exposure 
region of the projection optical system PL, and the shot region 
is illuminated with the exposure/Light IL while stitch screens . 
In this example, however, in^rder to expose the reduced image 
32-2P of the. pattern of tfne master reticle MR2 , the master 
reticle is exchanged 9^ the reticle stage 13 and then, step 
move of the -Z-tilt sytage 8 (substrate Rl) is carried out, and 
the pattern is /exposed while stitching screens. The 
operation for exposing the reduced images of the corresponding 
master reticles in the N-number of shot regions on the 
substrate/ Rl is repeated in a step-and-repeat manner 
( step-Md- stitch manner), and the N-number of 1/a times 
red^uded images 32-lP to 32 -NP of the partial parent patterns 
transferred onto the substrate Rl. Thereafter, steps 
uch as development of the photoresist, etching of the light 
shield film and removal of the resist are carried out, and 
thfe substrate Rl is formed with the light shield patterns such 

Next, a photore'sist is applied on the substrate Rl , and 
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as 




the substrate is again loaded onto the Z-tilt stage 8 of the 
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projection exposure apparatus. TJj^n , the N-number of 1/a 
times reduced images 34 -IP to/34 -NP of the partial parent 
patterns of the phase shif t^ert master reticles MPl to MPN shown 
in Fig. 5 are exposed the N-number of shot regions on the 
substrate Rl wKile stitching screens. Thereafter, 
development , eft ching of the substrate Rl itself and the resist 
removing (Operation are carried out, thereby completing the 
:fl phase-^ehift reticle WRl having the phase shifter shown in 

m / 

m F ia^( C ) . 

[Third Step] 

Next, the correction exposure reticle WR2 is produced 
2 using the projection exposure apparatus shown in Fig. 3. The 

IJI light shield file is formed on the substrate R2 , and a 

ii photoresist is applied on the film. Then, the substrate R2 

is loaded onto the Z-tilt stage 8 shown in Fig. 3. Next, a 
first master reticle MR for the light shield pattern is loaded 
onto the reticle stage 13, alignment is carried out using the 
RA microscopes 19A and 19B and then, the first shot region 
of the substrate R2 is moved to an exposure region of the 
projection optical system PL by driving the XY stage 9. The 
exposure light XL illuminates the master mask MRl , and a 
reduced image 32-lP of the illuminated partial parent pattern 
32-1 is projected and exposed on the substrate R2 through the 
projection optical system PL. The resolution of the 
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projection optical system PL at that time is set to the same 
value as that when the phase-shift reticle WRl is produced, 
but the exposure amount is set to about half of the appropriate 
exposure amount. The exposure amount may be set to the 
appropriate exposure amount, and the variable aperture stop 
7 in the projection optical system PL may be controlled to 
reduce the numerical aperture NA of the projection optical 
system PL to lower the resolution. Alternatively, the Z- 
tilt stage 8 may be driven to defocus the surface of the 
substrate R2 and the substrate R2 may be exposed. 

I^Xmilarly, 1/a times reduced images 32-2P to 32;J*P^f 




partial parent patterns of the master r^JtitSlTes MR2 to MRN 
are transferred onto the subs trajja-^i^while stitching screens . 
Then, development of jthr^ photoresist , etching of the light 
shield film an.d<fhe resist removing operation are carried out , 
thereby^oducing the correction exposure reticle WR2 as shown 
Fig. 1(D) . 

In the above embodim^t , the parent pattern 31 is 
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divided into the N-number of square partial patterns 32-1 to 
32-N having the same size/as shown in Fig. 4. However, when 
the reduced images of /these partial parent patterns are 
actually exposed while' stitching screens, if no pattern is 
astride the boundary , ythe influence of joint error is reduced. 
Thereupon, as disclosed in Japanese Patent Application 
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ririr^open No. 9-190962 for example, when the pa^ent~pattern" 
31 (the same is applied to the phase - shift n^ent pattern 33) 
is divided, the boundary between the ad^cent partial parent 
patterns may be formed with humns and dips so that patterns 
(especially patterns havin^^arrow line width) do not exist 
as minimum as possible/ By transferring the reduced images 
of such a pluralitwbf divided partial parent patterns having 
different shap^ while stitching screens, it is possible to 
largely red^e the number of joint portions (pattern astride 
two sYioyft, regions) on the substrate. Therefore, it is 
possl/ble to enhance the production precision of the 
phase-shift reticle WRl and the correction exposure reticle 

[Fourth Step] 

In this step, a predetermined circuit pattern is formed 
in each shot region on the wafer W using the phase-shift 
reticle WRl and the correction exposure reticle WR2 shown in 
Fig. 5. At that time, using a semiconductor device 
producing-pro jection exposure apparatus having 

substantially the same structure as that of the projection 
exposure apparatus shown in Fig. 3 and having the projection 
magnification of 1/p, a wafer W on which a photoresist is 
applied is loaded onto a wafer stage of this projection 
exposure apparatus. Then, the phase-shift reticle WRl is 



loaded onto the reticle stage of this projection exposure 
apparatus, and positioning of the reticle is carried out using 
the alignment marks 23A and 23B. Thereafter, 1/p times 
reduced image 38 of the light shield pattern of the phase-shift 
reticle WRl is exposed on each shot region on the wafer W. 

Thereafter, the phase-shift reticle WRl is replaced by 
the correction exposure reticle WR2 , positioning of the 

a 

reticle is carried out using the alignment marks 2$A and 24B 

in 

^} and then, 1/p times reduced image 39 of the light shield 

\n 

!r! pattern of the correction exposure reticle WR2 is exposed in 

1^ a superimposing manner on each shot region on the wafer W. 

13 Next, development of the wafer W and etching are carried out, 

jl 

ij] and a predetermined circuit pattern is formed on each shot 

M region of the wafer W. The same pattern forming step is 

repeated a plurality of times, and dicing, bonding and 
packaging steps are carried out, thereby producing the 
semiconductor device of this example. 

As described above in this example, the phase-shift 
reticle WRl and the correction exposure reticle WR2 are 
produced using the same master reticles and the same optical 
pro ject ion exposure apparatuses shown in Fig . 3 . In this case, 
a superimposing error between the two reticles WRl and WR2 
due to drawing positional deviation of the parent pattern of 
the master reticle or due to distortion difference between 
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the optical projection exposure apparatuses is not generated 
at all. Therefore, there is a merit that superimposing 
exposure of the phase-shift reticle WRl and the correction 
exposure reticle WR2 can be carried out with high 
superimposing precision. 

In this example, the line width of the light shield 
pattern on the correction exposure reticle WR2 is thicker than 
the line width of the light shield pattern of the phase-shift 
reticle WRl. This is because that an image formed by the 
correction exposure reticle WR2 is not sufficiently sharp 
(dark) as compared with an image formed by the phase-shift 
reticle WRl , and there is an adverse possibility that the sharp 
image formed by the phase-shift reticle WRl may be 
deteriorated . 

Therefore, when the resolution performance (y 
characteristic) of the photoresist applied on the wafer is 
extremely high, since an influence of the image formed by the 
correction exposure reticle WR2 on the image formed by the 
phase-shift reticle WRl is reduced, the line width of the light 
shield pattern of the correction exposure reticle WR2 may 
coincide with the line width of the light shield pattern of 
the phase-shift reticle WRl. 

It is also possible to sufficiently darken the image 
formed by the correction exposure reticle WR2 relatively, by 



setting the exposure amount when the pattern of the correction 
exposure reticle WR2 is transferred less than about half of 
the above-described appropriate exposure amount as compared 
with the exposure amount when the pattern of the phase- shift 
reticle WRl is transferred. 

When an electronic device is actually produced, such 
an exposure step is repeated 20 times or more, but the 
phase-shift reticle and the correction exposure reticle of 
this example may be used only in the exposure step for 
transferring a fine pattern having extremely thin line width 
such as a gate forming step. 

In a device producing-pro ject ion exposure apparatus 
using DUV rays (far ultraviolet rays) or VUV rays (vacuum 
ultraviolet rays), a transmission reticle is generally used 
as the working reticle. Therefore, as material for the 
substrate Rl and R2 for the working reticle (reticles WRl and 
WR2), silica glass, silica glass doped with fluorine , fluorite, 
magnesium fluoride, quartz crystal or the like is used. 
Further, when the device producing-pro jection exposure 
apparatus is an EUV exposure apparatus using EUV rays as the 
exposure light, a reflection mask is used as the working 
reticle, and a transmission mask ( stencil mask , membrane mask ) 
is used in a mask projection type electron beam exposure 
apparatus. As the substrates Rl and R2 for the working 



reticle for these exposure apparatus, silicon wafer or the 
like is used. 

The illumination optical system constituted by a 
plurality of optical elements and the projection optical 
system are assembled into the projection exposure apparatus 
and optical adjustment is carried out , and further the reticle 
stage and the wafer stage each comprising a large number of 
mechanical parts are mounted to the projection exposure 
A apparatus body, wires and tubes are connected, and all of them 
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M are totally adjusted (electrical adjustment, confirmation of 

m 

operation and the like), thereby producing the projection 
exposure apparatus of the above-mentioned embodiment. It is 
preferable to produce the projection exposure apparatus in 
a clean room where a temperature and a clean degree are 
managed . 

The present invention is not limited to the above- 
mentioned embodiments, and the invention may, as a matter of 
course, be embodied in various forms without departing from 
the gist of the present invention. Furthermore, the entire 
disclosure of Japanese Patent Application 10-369929 filed on 
December 25, 1998 including description, claims, drawings and 
abstract are incorporated herein by reference in its entirety. 

Industrial Applicability 
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According to the first producing method of a mask 
according to the present invention, as compared with a case 
in which two kinds of patterns for a phase-shift mask and a 
correction exposure mask are designed and each of the patterns 
is drawn by an electron beam drawing apparatus or the like, 
it is only necessary to design the patterns and draw the 
patterns by the electron beam drawing apparatus or the like 
only when the master mask is formed. Therefore, the 
phase- shift mask and the correction exposure mask can be 
produced within a short time at low cost. 

Further, when the phase- shift mask and the correction 
exposure mask are produced by transferring the reduced image 
of the master mask onto the substrate using an optical 
projection exposure apparatus, since the influence of the 
drawing error of the electron beam drawing apparatus or the 
like is reduced, there is a merit that precision of pattern 
of the two masks can be enhanced. 

Further, according to the second producing method of 
a mask, it is possible to produce the correction exposure mask 
within a short time and at low cost. 

Next, according to the mask producing apparatus of the 
present invention, it is possible to carry out the mask 
producing methods of the present invention. Further, 
according to the first and second device producing methods 
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of the present invention, since it is possible to produce the 
phase-shift mask and the correction exposure mask within a 
short time, a time required for producing the device can be 
shortened, and a device can be produced at low cost. 

Further, according to the first and second masks of the 
invention, there is a merit that the phase- shift mask and the 
correction exposure mask thereof can be obtained within a 
short time at low cost. 
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